POT to mean capillary POT . Jn our previous study we found that the average mean myoglobin Paz in hamstring muscle was about 5 mm Hg at normal arterial Pas and that changes in arterial POT from 700 to 40 mm Hg caused a change in mean myoglobin
Paz of only about 1 mm Hg. As arterial POT was decreased below 40 mm Hg, however, mean myoglobin POT fell to levels of approximately 1 mm Hg.
The principle advantage of the method is that it gives values of intracellular PO2 , which are defined anatomically in terms of the location of myoglobin. In addition, these values are related to mean capillary POT , thus circumventing the difficulty in computing mean capillary POT when one is analyzing oxygenation of tissues. The principle assumption is that mean capillary Pco computed from the Haldane relationship is in equilibrium with mean intracellular PCO. In our previous study we determined [MbCO] in muscle by extracting 12C0 from homogenized muscle and measuring it in an infrared meter. In the present study we developed an improved method based on muscle combustion and measurement of muscle 14CO as r4CO2. We have applied this method to the study of canine myocardial oxygenation during normal and elevated arterial oxygen tensions and during acute progressive hypoxemia.
METHODS
Our primary goal in these experiments was to determine mean myoglobin Po2 (mPMbo2) in ventricular muscle from measurements of carboxymyoglobin percent saturation ((MbCO),) in myocardial biopsy specimens under normal conditions and during hypoxemia.
We also studied myocardial CO binding with simultaneous measurements of arterial and coronary sinus blood CO concentrations.
All of the experiments were performed on mongrel dogs (6-22 kg) lightly anesthetized with intravenous pentobarbital.
A tracheostomy was performed and a cannula was inserted. This was attached to a respirator-rebreathing system which has been described previously (6). This system prevented significant loss of CO from the body stores during our experiments.
The respirator was adjusted to keep arterial pH and Pco2 as normal as possible. Arterial Po2 could be controlled by changing the Po2 of the gas in the rebreathing system. A cannula was inserted in the aorta via the left carotid artery allowing measurement of arterial blood pressure (Statham strain gauge P23, and Grass recorder model 7A) and sampling of arterial blood. Another cannula was placed in the right atrium and used for administration of fluids and additional anesthetic. A left thoracotomy was performed and the pericardium was removed 30-40 min prior to the myocardial biopsy. In all of the biopsy experiments, 5 ml of the dogs erythrocytes were labeled with 80 PC of 51Cr (26) and reinjected 2 hr prior to biopsy. The animal was also Yoaded" with 14CO at this time by injecting the isotope into the rebreathing system. In most of the experiments a sartorius muscle was also dissected, 30-40 min prior to biopsy of this muscle, care being taken not to disturb the nervous or vascular supply. This muscle was kept at near body temperature in the interval before biopsy by clamping the overlying skin flap.
Ten to fifteen minutes prior to biopsy, we adjusted the inspired Paz to the desired level. Just prior to biopsy we drew arterial blood for analysis of blood gases, pH, 51Cr and 14CO radioactivity, and 12CO content. We then administered intravenous succinylcholine. The sartorius muscle was biopsied by V clamping and removing approximately 20 g with a scalpel. This specimen was then immediately placed in a cooled bottle, which was filled with 100% Ns and placed on ice. The specimen was removed from this container within lo-15 min and cut into 0.5-to 1.5-g pieces, which were placed on Teflon cups, weighed, and, inserted in air-tight cylindrical chambers containing N2 and anhydrous calcium chloride. The specimens were stored at 4 C for 1 week for drying prior to combustion. It was found that less than 1 % of 14CO radioactivity was lost in the lo-to 15-min storage prior to cutting the biopsy specimen.
The myocardial biopsy was performed by suddenly clamping the apex of the heart with a curved clamp and immediately dissecting a 25-g specimen. This specimen was handled in a manner identical to the sartorius biopsy specimen. Seven myocardial biopsies and five sartorius biopsies were performed at normal or increased arterial oxygen tension.
In additional experiments we studied the effect of acute progressive arterial hypoxemia by first setting the arterial Po2 at approximately a normal value and drawing baseline blood as above. The oxygen supply to the rebreathing system was then clamped, which resulted in a decrease in inspired Po2 of 3-6 mm Hg/min.
When the inspired oxygen tension had decreased to 30-40 mm Hg, we again drew arterial blood and obtained an apical myocardial biopsy. In three experiments we biopsied the apex of the heart 60 min following removal of 35 ml/kg blood. In six experiments we manually placed a small catheter 1.5 cm into the coronary sinus. Blood from the carotid artery and from the coronary sinus was sampled every 60 set during acute progressive hypoxemia. Coronary sinus blood was sampled at rates of less than 2-3 ml/min. in the present study we assume that myocardial apical myoglobin has the same equilibrium constant for the reaction of CO with oxymyoglobin as skeletal muscle myoglobin.
In computing (MbCO) s we assume that any CO in the biopsy specimen not bound to hemoglobin is bound to myoglobin.
In skeletal muscle the quantity of cytochrome oxidase is very small compared to the quantity of myoglobin (8); however, in the heart there is a smaller myoglobin concentration and a larger amount of mitochondria and cytochromes.
In computing error that is in volved in our ( MbCO)s determinations, we have used the measu rements of cytochrome c published by Drabkin (8) for canine myocardium.
The concentration of cytochrome c is about one-tenth that of myoglobin in this organ. Considering the fact that cytochrome c at the time of Drabkin's study is now generally recognized to include cytochrome al as well as as, that only a3 binds CO (at least at normal pH) (2 1), and that the molecular weight of cytochrome a3, per heme group, is about 5 times that of myoglobin (3O), we calculate that the heme ratio of cytochrome a3 to myoglobin is about 0.01. It is therefore unlikely that CO binding to cytochrome oxidase caused much of an error in our [MbCO] measurements. We utilize myoglobin as a Paz indicator in these studies, and it appears that it is as atisfac tory indic ator in the sense that our measurements appear not to be sensitive to alterations in pH, osmolarity, and other variables in the environment of myoglobin (1, 6). It has been shown previously that the measurement of ?i?PMboz is not very sensitive to variations in ratios of blood flow to oxygen uptake in different areas of biopsied muscle (6).
We cannot be certain about effects of the biopsy technique on our measurements.
In a preliminary series of myocardial biopsies (5)) we utilized a different biopsy technique.
We lifted the apex of the heart with a hemostat prior to clamping.
Thus, there was a decrease in blood pressure for 2-3 set prior to clamping. Measured values of (MbCO)s/(HbCO) s were higher in this series than found in the present study. In the present experiments we were careful not to disturb tissue prior to clamping.
We have made the following conclusions from our data: (29) and in the heart (23) is recruitment of capillaries giving reduced 02 diffusion distances. In the myocardium, in addition, hypoxia results in increases in blood flow ( 18). The present data show only that intracellular PoQ is precisely controlled but give little data about mechanisms involved. The low value for ZPMboa provides evidence in support of the theory that a principal function of myoglobin relates to facilitative diffusion of oxygen bound as oxymyoglobin, since facilitative diffusion is theoretically much more significant at low PO:! levels (32). Thus, if myoglobin is freely diffusible in cell water, facilitative diffusion of 02 is a mechanism of adaptation to hypoxia, since the effective diffusion coefficient for 02 will increase with decreases in POZ (32).
The finding of very low ?iiPMbon in the myocardial apex is consistent with findings in skeletal muscle (6). According to Chance et al. (3) , the K, of mitochondria is 0.5-l .5 mm Hg, and it appears on the basis of our data that intracellular POT adjacent to mitochondria is very close to this value. Pea that is necessary to oxygenate tissue and very different from normal conditions. In our previous study (6) we found an average value for ZPMbog in hamstring muscle of 5 mm Hg, at normal arterial Paz, whereas in the present study sartorius mPMbo2 maneuver, our findings were not due to changes in this was 6-8 mm Hg. This discrepancy can probably be exvariable.
Further evidence for the concept that CO shifts occur plained on the basis of analytical error. Other possibilities are that CO was produced during extraction of 12C0 from at and below the critical Po2 was obtained previously in homogenized muscle in our previous study or that sartorius experiments performed on hamstring muscle (6) where it muscle Po2 varies from that found in other hamstring was found that CO influx during progressive hypoxemia muscles. A principal advantage of the 14CO method used started at the same arterial Po2 as that described by Stainsby in the present study is that CO production by muscle cannot influence our data. and Otis (29) 
